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nP l FF pccr-RIPTION OF THF FIGURES 

Fig . 1 shows the binding of ant i -C2a M Abs(175senes).anW5Mab(137- 

76) andan« W aotorD Ma b(166-32).opunfledhu m anC2ainanEUSA. The Y-axis 
r ep re sen,sthe^e a c«. t yof,he^Mbs W nhC2aexpressedasop.ica,dens«y(OD,a t 

5 450 nm and the X-axis represents the concentration of the MAbs. MAb 175-62 

shows the strongest reactivity with C2a. 

Fig 2 shows the inhibition of classical pathway hemolysis of sensitized 
chicKen red blood cells (RBCs, by anti-C2a MAbs in the presence o, 3% human 
serum The contrcls were enactor D Mab (166-32) and the an«i-C5 MAb 
10 (1 37-76).Anti-fac»orDMab166.32spec ffi ca,,yinhib te .heal.e m a.ivecomplemen, 

pathway, therefore it does no, inhibit the classical pathway hemolysis. The Y-ax,s 
represents the % hemolysis inhibition, as further described in the text. The X-ax,s 
represents the concentrate of the MAb, Ail an,i-C2a MAbs strongly inhib* 

classical pathway hemolysis. 

Fig 3 shows that an,i-C2a MAb 175-62 inhibtts classical pathway (CP) 
hemolysis at a molar ra,o of 1 :2 (MAb 1 75-62 to C2). The «lled .rcles represent 
MAD 17 5-62. The open squares represent hemolysis in the absence of MAb 
175 -62 The Y-axis represents the % hemolysis inhibit*. The X-axis represents 
th econcentra,iono, serum. Thec,assica,pa« 1 wayhemolyt te ac«v«yo,C2(0,| jM ) 

0.1 |jM of MAb 175-62. 
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rpiff nFSCRIPTION QP THE FIGURES 

Fig. 1 shows the binding of anti-C2a MAbsillSsejiesl, anti-C5 Mab (137- 
76), and anti-factor D Mab (166-32) to purified human C2a in an ELISA [assayl- 
The Y-axis represents the reactivity of the MAbs with C2a expressed as optical 
5 density (OD) at 450 nm and the X-axis represents the concentration of the MAbs. 
[Mab l MAb 1 75-62 shows the strongest reactivity with C2a. 

Fig. 2 shows the inhibition of classical pathway hemolysis of sensitized 
chicken red blood cells (RBCs) by anti-C2a MAbs in the presence of 3% human 
serum. The controls were anti-factor D Mab (166-32) and the anti-C5 [MablMAb 
10 (137-76), [which bothLAj^actp^^ 

complement pathwayjhere^^ rhssiral pathway hemolysis . 

The Y-axis represents the % hemolysis inhibition, as further described in the text. 
The X-axis represents the concentration of the MAbs. All anti-C2a MAbs strongly 
inhibit classical pathway hemolysis. 
15 Fig. 3 shows that anti-C2a MAb 175-62 inhibits classical pathway (CP) 

hemolysis at a molar ratio of 1:2 (MAb 175-62 to C2). The filled circles represent 
MAb 175-62. The open squares represent hemolysis in the absence of MAb 
1 75-62. The Y-axis represents the % hemolysis inhibition. The X-axis represents 
the concentration of Ithe MAbslserum. The classical pathway hemolytic activity of 
20 C2 (0.2 pM) in normal human serum is completely inhibited when the serum was 
pre-treated with 0.1 uM of MAb 175-62. 



This application claims priority to U.S. Provisional Application No. 
60/191 ,429. filed on March 23, 2000. 
F ip n nc THF INVENTION 

5 The present invention relates to inhibitor molecules specific to complement 

C2 and its activation fragment C2a, the use of such inhibitor molecules to block 
complement activation via the classical pathway and the lectin pathway, treatment 
of diseases associated with excessive complement activation, and the diagnostic 
determination of the amount of C2a present in a biological sample. 

10 RACKfiROUND "P THF INVENTION 

The complement system is part of the innate immune system and consists of 
manycomponentsthatactinacascadefashion. This system playsacenual rote in 

both the clearance of immune complexes and the immune response to infectious 
agents, foreign antigens, virus-infected cells and tumor cells. However, 
,5 complement is also involved in pathological inflammation and in autoimmune 
diseases. Therefore, inhibfflon of excessive or uncontrolled acflvation of the 
complement cascade couid provide clinical benefit to patients with such diseases 
and conditions. 

Thecomplementsystemcan be activated in three ways, eitherbyoneof the 
20 two primary activa«on pathways, designated the classical and the alternative 
pathways (V.M. Holers, In CM* Immunology: Principles and Practice, ed. R.R. 



Rich. Mosby Press, 1996, 363-391), or by a third pathway, the lectin pathway 
activated by mannan-binding lectin (MBL) (M. Matsushita, Microbiol. Immunol., 
1996, 40: 887-893; M. Matsushita et al., Immunobiol., 1998, 199: 340-347; T. 
Vorup-Jensen etal., Immunobiol., 1998, 199: 348-357). 

5 The classical pathway is a calcium/magnesium-dependent cascade, which is 

normally activated by the formation of antigen-antibody complexes. C1 , the first 
enzyme complex in the cascade, is a pentamolecular complex consisting of C1 q, 2 
C1r molecules, and 2 C1s molecules. This complex binds to an antigen-antibody 
complex through the C1q domain to initiate the cascade. Once activated, C1s 

10 cleaves C4 resulting in C4b, which in turn binds C2. C2 is cleaved by C1 s, resulting 
in the activated form, C2a, bound to C4b and forming the classical pathway C3 
convertase. 

The alternative pathway is a magnesium-dependent cascade and is 
antibody-independent. This pathway is activated by a variety of diverse substances 
15 including, e.g., cell wall polysaccharides of yeast and bacteria, and certain 
biopolymer materials. When the C3 protein binds on certain susceptible surfaces, it 
is cleaved to yield C3b thus initiating an amplification loop. 

The lectin pathway involves complement activation by MBL through two 
serum serine proteases designated MASP-I and MASP-2 (as opposed to C1 r and 
20 C1 s in the classical complement pathway). Like the classical complement pathway, 
the lectin complement pathway also requires C4 and C2 for activation of C3 and 
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otherterminalcomponentsfurtherdown^aminthecascadelCSuankratayetal., 
J. Immunol.. 1998, 160: 3006-3013; Y. Zhang et al„ Immunopharmacol., 1999, 42: 
81-90; Y. Zhang at A. /mmuno/,,1 999, 97: 68<W>92; C. Suankratay et al., Clin. Exp. 
Immunol., 1999, 117: 442-448). Alternative pathway amplication is also required 
5 for lectin pathway hemolysis in human serum (C. Suankratay et al., J. Immunol., 
1998, 160: 3006-3013; C. Suankratay et al., C//n. Exp. Immunol., 1998, 113: 353- 
359). In short, Ca**Klependent binding of MBLtoamannarvcoated surface triggers 
activation of C3 following C4 and C2 activation, and the downstream activation of 
C3 and the terminal complement components then require the alternate 
10 complement pathway for amplification. 

Activation of the complement pathway generates biologically active 
fragments of complement p-oteins, e.g. C3a, C4a and C5a anaphylatoxins and 
sC5b-9 membrane attack complex (MAC), which mediate inflammatory activities 
involving leukocyte chemotaxis, activation of macrophages, neutrophils, platelets, 
15 mast cells and endothelial cells, vascular permeability, cytolysis, and tissue injury 
(R. Schindler et al., Blood, 1990, 76: 1631-1638; T. Wiedmer, Bfood, 1991, 78: 
2880-2886; M. P. Fletcher et al., Am. J. Physio/.. 1993, 265: H1750-1761). 

C2 is a single-chain plasma protein of molecular weight of 102 kD, which is 
specific for the classical and the lectin complement pathways. Membrane bound 
20 C4b expresses a binding site which, in the presence of Mb**, binds the proenzyme 
C2 near its amino terminus and presents it for cleavage by C1s (for the classical 



complement pathway) or MASP-2 (for the lectin complement pathway) to yield a 30 
kD amino-terminal fragment, C2b, and a 70 kD carboxy-terminal fragment, C2a (S. 
Nagasawa et al., Proc. AWL Acad. Sa (USA). 1977, 74: 2998-3003). The C2b 
fragment may be released or remain loosely attached to C4b. The C2a fragment 
remains attached to C4b to form the C4b2a complex, the catalytic components of 
the C3 and C5 convertases of the classical and the lectin complement pathways. 
The enzymatJc activity in this complex resides entirely in C2a, C4b acting to tether 

C2a to the activating surface. 

Monoclonal antibodies (MAbs) to human C2 and its fragments C2a and C2b 
were made by immunizing mice wHh purified human C2 (E.I. Stenbaek et al„ Mol. 
Immunol., 1986, 23: 879-886; T. J. Oglesbyetal., J. Immunol.. 1988, 141: 926-932). 
The novel anti-C2a MAbs of the present invention were made by immunizing mice 
wtth purified human C2afragment and were shown to have inhibitory activity against 
the classical pathway complement activation (see below). These anti-C2a MAbs are 
distinct from the known s^ClMU T. J. Oglesby e, al., J. Immunol., 1988, 
,41: 926-932) because^Wo different segments of C2 and inhibft the 
classical complement pathway by interfering the interaction between C2 and C4 (T. 
j oglesby et al., J. Immunol., 1988, 141 : 926-932). By virtue of this inhibition, the 
anti-C2a MAbs of the present invention are the first Mab demonstrated to be 
) effective in inhibiting the classical complement pathway. 
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Targeting C2a and/or the C2a portion of C2 for complete inhibition of the 
classical and the lectin complement pathways has several advantages including, for 
example: (1 ) C2 and C2a are specific for the classical and the lectin complement 
pathways, and thus inhibition of C2 and/or C2a would achieve complete and 
5 selective inhibition of these two complement pathways without affecting the 
alternative complement pathway; (2) the concentration of C2 in human blood is one 
of the lowest (ca. 20 ug/ml) among other soluble complement components, 
therefore inhibitors of C2 or C2a would have a unique dose advantage; and (3) 
since C2a is the catalytic subunit of the C3 and C5 convertases, inhibition of C2 or 
10 the C2a portion of C2 would block the activation of C3 and C5. 

The down-regulation of complement activation has been demonstrated to be 
effective in treating several disease indications in animal models and in ex vivo 
studies, e.g., systemic lupus erythematosus and glomerulonephritis (Y. Wang et al.. 
Proc. Natl. Acad. Sci. (USA), 1996, 93: 8563-8568), rheumatoid arthritis (Y. Wang 
15 et al., Proc. Natl. Acad. Sci.(USA), 1995, 92: 8955-8959), in preventing inflammation 
associated with cardiopulmonary bypass and hemodialysis (C.S. Rinder et al.. J. 
Clin, invest, 1995, 96: 1564-1 572; J.C.K. Fitch et al., Circulation, 1999. 100: 2499- 
2506; H.L. Lazaret al.. Circulation, 1999. 100: 1438-1442). hyperacute rejection in 
organ transplantation (T.J. Kroshus et a.., Transplantation, 1995, 60: 1194-1202), 
20 myocardial infarction (J. W. Homeister et al.. J- Immunol., 1993, 150: 1055-1064; 
H.F. Weisman et al., Sctonce, 1990, 249: 146-151), reperfusion injury (E.A. 



Amsterdam et al, Am. J. Physiol., 1995, 268: H448-H457), and adult respiratory 
distress syndrome (R. Rabinovici et al., J. Immunol^, 149: 1744-1750). In 
addition, otherinflammatoryconditionsand autoimmune/immune complex diseases 
are also closely associated with complement activation (V.M. Holers, ibid., BP. 
5 Morgan. Eur. J. Clin. Invest, 1994, 24: 219-228), including thermal injury, severe 
asthma, anaphylactic shock, bowel inflammation, urticaria, angioedema, vasculitis, 
multiple sclerosis, psoriasis, dermatomyositis, myasthenia gravis, 
membranoproliferative glomerulonephritis, and Sjogren's syndrome. 
s . f M MARV r>P THF INVENTION 
.0 The present invention includes inhibitor molecules having a binding region 
specific for C2a or the C2a portion of C2. The inhibitor molecule may be an antibody 
or a homologue, analogue or fragment thereof, a peptide, an oligonucleotide, a 
peptidomimetic or an organic compound. Antibody fragments can be Fab, F(ab') 2 , 
Fv or single chain Fv. The inhibitor molecule may be in the form of a pharmaceutical 
15 composition. 

^70ne embodiment of the present invention includes an inhibitor molecule 
f^mprislng a mWclonal antibody. The antjbody may be chimeric, Delmmunized™, 

humanized or hlan antibody. Specifically, the monoclonal antibody may be the 

monoclonal antibody designated 175-62. 
20 Another embodiment of the invention is a hybridoma producing the monoclonal 

antibody 175-62. 



7 




AnWr embodiment of the invention includes monoclonal antibodies or a 
fragme^t\alogue or homologue thereof, or a peptide, oligonucleotide, 
peptidomimet^bcan organic compound which bind to the same epitope as the 
antibody 1 75-62. "^antibodies can include Fab, F(ab') 2 . Fv or single chain Fv, 
5 and may be chimeric, Delmr^bnized™, humanized or human antibody. Inaddition, 
the present invention includes c Aesthat produces the monoclonal antibody or 
fragment thereof that bind to the same^pe as the antibody 1 75-62. 

The present invention also includes molecules that inhibit complement activation 
by inhibiting both the classical and lectin complement pathways. The preferred 
10 molecules of the present invention inhibit complement activation at a molar ratio of 

inhibitor molecule to C2 at 1 :2. 

Another embodiment of the present invention includes a method of treating a 
disease or condition that is mediated by excessive or uncontrolled activation of the 
complement system by administering, in vivo or ex wVo, an inhibitor molecule that 
1 5 specifically binds C2a or the C2a portion of C2. 

One example of a Mab, designated 1 75-62, that binds to C2a and blocks its 
ability to activate complement was generated as described below. The hybridoma 
producing this antibody was deposited at the American Type Culture Collection, 
10801 University Blvd., Manassas, VA 20110-2209, under Accession Number 
20 PTA-1553, on March 22, 2000. 
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rpiff nFSHRIPTION OF THE FIGURES 

Fig. 1 shows the binding of anti-C2a MAbs, anti-C5 Mab (1 37-76), and anti- 
factor D Mab (166-32) to purified human C2a in an ELISA assay. The Y-axis 
represents the reactivity of the MAbs with C2a expressed as optical density (OD) at 
5 450 nm and the X-axis represents the concentration of the MAbs. Mab 175-62 
shows the strongest reactivity with C2a. 

Fig. 2 shows the inhibition of classical pathway hemolysis of sensitized 
chicken red blood cells (RBCs) by anti-C2a MAbs in the presence of 3% human 
serum. The controls were anti-factor D Mab (1 66-32) and the anti-C5 Mab (1 37-76), 
10 which both specifically inhibit the alternative complement pathway. The Y-axis 
represents the % hemolysis inhibition, as further described in the text. The X-axis 
represents the concentration of the MAbs. All anti-C2a MAbs strongly inhibit 

classical pathway hemolysis. 

Fig. 3 shows that anti-C2a MAb 175-62 inhibits classical pathway (CP) 

15 hemolysis at a molar ratio of 1:2 (MAb 175-62 to C2). The filled circles represent 
MAb 175-62. The open squares represent hemolysis in the absence of MAb 
1 75-62. The Y-axis represents the % hemolysis inhibition. The X-axis represents 
the concentration of the MAbs. The classical pathway hemolytic activity of C2 (0.2 
uM) in normal human serum is completely inhibited when the serum was pre-treated 

20 with 0.1 uM of MAb 1 75-62. 



Fig. 4 shows an assay for testing the inhibition of alternative pathway (AP) 
hemolysis of unsensitized rabbit RBCs by anti-C2a, anti-factor D and anti-C5 MAbs, 
in the presence of 10% human serum. The Y-axis represents the % hemolysis 
inhibition, as further described in the text. The X-axis represents the concentration 
5 of the MAbs. The data illustrate that none of the anti-C2a MAbs inhibit the 
alternative complement pathway. 
nFTAII FH DESCRIPTION 

The inhibitor molecules of the present invention include monoclonal 
antibodies as well as homologues, analogues and modified or derived forms 
10 thereof, including immunoglobulin fragments such as Fab, F(ab') 2 , and Fv, and 
single chain antibodies. Also included are small molecules including peptides, 
oligonucleotides, peptidomimetics and organic compounds. 

One embodiment of the invention includes anti-C2a MAbs, which can be 
raised by immunizing rodents (e.g. mice, rats, hamsters and guinea pigs) with either 
15 (1 ) native C2a derived from enzymatic digestion of C2 purified from human plasma 
or serum, or (2) recombinant C2a or its fragments expressed by either eukaryotic or 
prokaryotic systems. Other animals can be used for immunization, e.g. non-human 
primates, transgenic mice expressing human immunoglobulins, and severe 
combined immunodeficient (SCID) mice transplanted with human B-lymphocytes. 
20 Hybridomas can be generated by conventional procedures by fusing 

B-lymphocytes from the immunized animals with myeloma cells (e.g., Sp2/0 and 
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NSO), as described by G. Kohler and C. Milstein (Nature, 1975, 256: 495-497). In 
addition, anti-C2a antibodies can be generated by screening recombinant single- 
chain Fv or Fab libraries from human B-lymphocytes in a phage-display system. 
The specificity of the MAbs to human C2a can be tested by enzyme linked 
5 immunosorbent assay (ELISA), Western immunoblotting, or other immunochemical 
techniques. 

The inhibitory activity on complement activation of antibodies identified in the 
screening process can be assessed by hemolytic assays using either unsensitized 
rabbit or guinea pig RBCs for the alternative complement pathway, or sensitized 
1 0 chicken or sheep RBCs for the classical complement pathway. Those hybridomas 
that exhibit an inhibitory activity specific for the classical complement pathway are 
cloned by limiting dilution. The antibodies are purified for characterization for 
specificity to human C2a by the assays described above. 

qen treating inflammatory or autoimmune diseases in humans, the anti- 
i antibodies may be chimeric, Delmmunized™, humanized or human antibodies. 
Such antibodiesca^reduce immunogenicity, thereby avoiding a human/anti-mouse 
antibody (HAMA) response. It is preferable that the antibody be lgG4, lgG2, or 
other genetically mutated l^aNgM which does not augment antibody-dependent 
cellular cytotoxicity (S.M. CanfieldW, J. Exp. Med., 1991, 173: 1483-1491)and 
20 complement mediated cytolysis (Y.Xu^ai^ Biol. Chem., 1994, 269: 3468-3474; 
V.L. Pulito et al., J. Immunol., 1996, 156: 2840^3850). 
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Chimeric antibodies are produced by recombinant processes well known in 
the art, and have an animal variable region and a human constant region. 
Humanized antibodies have a greater degree of human peptide sequences than do 
chimeric antibodies. In a humanized antibody, only the complementarity determining 
5 regions (CDRs), which are responsible for antigen binding and specificity, are 
animal derived. The amino acid sequence corresponding to the animal antibody, 
and substantially all of the remaining portions of the molecule (except, in some 
cases, small portions of the framework regions within the variable region) are 
human derived and correspond in amino acid sequence to a human antibody. See, 
10 e.g., L. Riechmann et al., Nature, 1988, 332: 323-327; G. Winter, United States 
Patent No. 5,225,539; C.Queen et al., U.S. patent number 5,530,101 . 

immunized™ antibodies are antibodies in which the T-helper epitopes 
'have beenSeliminated, as described in International Patent Application 
PCT/GB98/01473>sJhey have either reduced or no immunogenicity when 

15 adm inistered in vivo. 

Human antibodies can be made by several different methods, including the 
use of human immunoglobulin expression libraries (Stratagene Corp., La Jolla, CA) 
to produce fragments of human antibodies (VH, VL, Fv, Fd, Fab, or F(ab') 2 ) to 
construct whole human antibodies using techniques similar to those for producing 

20 chimeric antibodies. Human antibodies can also be produced in transgenic mice 
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Frem on«, CaWomia, and Meda,e X , Inc., Annanda,e, New Jersey. 

5 and the method „ « construction a. — * - Patent No. ^ - 
Me^ely.Pa.can.econsUuctedande^sed.v^.eansCM.XEvans 

etal.. J. irwuno,. MM, 1995, 184: 123-138). 
, 0 herefore ,,ess te , y ,oevoKe an immU neo f response. Consent , 

bio ava«y, — -V * — - — ^ 

15 "on^ecu, — o— 

anto0 ,s. one .n use n— r .ode,, and rationa, n— ^ » 
genera te and seen s m a„ m o,ecu,es « - « ^ 

20 ^es can b e peptides, pep— s. o, ig onuc,eo»des or o.a 
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activation in inflammatory indications and autoimmune diseases. Alternatively, one 
can use large-scale screening procedures commonly used in the field to isolate 
suitable small molecules from libraries of combinatorial compounds. 
Ap plications of the Anti-C2a Molecules 

The anti-C2a binding molecules, antibodies, and fragments of the present 
invention can be administered to patients in an -appropriate pharmaceutical 
formulation by a variety of routes, including, but not limited, intravenous infusion, 
intravenous bolus injection, and intraperitoneal, intradermal, intramuscular, 
subcutaneous, intranasal, intratracheal, intraspinal, intracranial, and oral routes. 
Such administration enables them to bind to endogenous C2a or C2 and thus inhibit 
the generation of C3b, C3a and C5a anaphylatoxins, and C5b-9. 

The estimated dosage of such antibodies and molecules is between 1 0 and 
500 ug/ml of serum. The actual dosage can be determined in clinical trials following 
the conventional methodology for determining optimal dosages, i.e., administering 
various dosages and determining which is most effective. 

The anti-C2a inhibitor molecules can function to inhibit in vivo complement 
activation and inflammatory manifestations that accompany it, such as recruitment 
and activation of macrophages, neutrophils, platelets, mast cells and endothelial 
cells, edema, and tissue damage. These inhibitor molecules can be used for 
treatment of diseases or conditions that are mediated by excessive or uncontrolled 
activation of the complement system. These include, but are not limited to: (1) 
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tissue damage due to ischemia-reperfusion following acute myocardial infarction, 
aneurysm, stroke, hemorrhagic shock, crush injury, multiple organ failure, 
hypovolemic shock and intestinal ischemia; (2) inflammatory disorders, such as, 
burns, endotoxemia and septic shook, adult respiratory distress syndrome, 
cardiopulmonary bypass, hemodialysis, anaphylactjc shock, severe asthma, 
angioedema, Crohn's disease, psoriasis, dermomyositis, sickle coll anemia, 
poststreptococcal glomerulonephritis, and pancreatitis; (3) transplant rejections, 
such as, hyperacute xenograft rejection; and (4) adverse drug reactions, such as, 
drug allergy, IL-2 induced vascular leakage syndrome, and radiographic contrast 
media allergy. Autoimmune disorders including, but not limited to, systemic lupus 
erythematosus, myasthenia gravis, rheumatoid arthritis, Alzheimer disease and 
multiple sclerosis, may also be treated with the inhibitor molecules of the invention. 

The anti-C2a inhibitor molecules can also be used diagnostic^ to ascertain 
the presence of, or to measure, C2a in a tissue specimen or a body fluid sample, 
such as serum, plasma, urine or spinal fluid. In this application, common assay 
formats can be used, such aslmmunohistochemistryorEUSA, respectively. Such 
dlagnostictests could be useful in determining whethercertain individuals are either 

deficient in or overproduce C2a. 

......t^ xh«rono. .tir. Fffieacv of C.7a Inhibitors 
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The therapeutic activity of C2a inhibitor molecules in various disease 
indications described above can be confirmed by using available animal models for 
various inflammatory and autoimmune manifestations. 

Animal models relevant to various complement-related clinical diseases in 
humans can be used to confirm the in vivo efficacy of C2a inhibitors. These 
include, but are not limited to: myocardial ischemia/reperfusion injury (H.F. 
Weisman et al.. Science, 1990, 249: 146-151); myocardial infarction (J.W. 
Homeister et al., J. Immunol., 1993, 150: 1055-1064), systemic lupus 
erythematosus and glomerulonephritis (S.K. Date. Meth. Enzymol., 1988, 162: 385- 
442; D.J. Salvant et al., Meth. Enzymol., 1988, 162: 421-461), rheumatoid arthritis 
(Y. Wang et al., Proc. Natl. Acad. Sci. (USA), 1995, 92: 8955-8959), adult 
respiratory distress syndrome (R. Rabinovici et al., J. Immunol., 1992, 149: 1744- 
1750), hyperacute rejection in organ transplantation (T.J. Kroshus et al., 
Transplantation, 1995, 60: 1194-1202), burn injury (M.S. Mulligan et al., J. 
Immunol., 1992, 148: 1479-1485), cardiopulmonary bypass (C.S. Rinder et al., J. 
Clin. Invest, 1995, 96: 1564-1572). ^ 

Example 1: reparation of ar "-™" Hvbridomas 
Eight to twelve-week old male A/J mice (Harlan, Houston, TX) were 
subcutaneously injected with 20 ug of C2a in complete Freund's adjuvant (Difco 
Laboratories, Detroit, Ml) in 200 ul of phosphate-buffered saline (PBS) pH 7.4. The 
C2a was generated by enzymatic digestion using C1s (Advanced Research 
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Techno tog ies. San Diego, CA) canned .o CNBr-activated Sepha.se 6MB 
(Pnarmac* Biotech, Piscataway, N* similar to the procedure described ,n T. J, 
Ogiesby,,— .,1988, 141:926-931. The resulting C2a was, hen punf,ed by 
passage through a Sephadex-200 size-exclusion HPLC column. The C2a 

♦ tH inhP> 95% pure by sodium dodecylsulphate (SDS)- 
5 preparation was tested to be > 9&/o pure y 

■ m A rp^ Cl was Durified from human serum 
polyacrylamide gel electrophoresis (PAGE). C2 was pun 

(Advanced Research Technologies). 

At^-weeKin.ervals.micewereWceiniectedsubartaneouslyv^hZOpgof 

C2a in incompiete Freund, adjuvant. Then, two weeKs later, three days pHor to 
10 sa*e, the mice were again iniected intrap—ly wKh 20 pg o, the same 
antigen in PBS. 

F o r eachhyb ri doma, 8 inglece,lsuspens,onswereprepa re dfrom«hes P ,een 

ofa nimmuni Z ed mouse and fused w*S P 2,0 myeloma cells. 5 x 10= o, the S P 2/0 
andsxio'spleence.iswerefusedinamediumcontainlngmpolyethy.neglycol 

Co S, Louis,MO>. Thecellswerethenadiustedtoaconcentrat^nofl.sxio 

NY) , su pp,emen,edwi,h10%fe te lb O .neserum,100unns/m,otpen*,100pg 
/ml o, streptomycin, 0, mM hypoxanthine, 0.4 pM aminoptenn, and 16 p M 



17 



fifty 96-well microculture plates. After about ten days, culture supernatants were 
withdrawn for screening for reactivity with purified C2a in ELISA. 

Wells of Immulon 2 (Dynatech Laboratories, Chantilly, VA) microtest plates 
were coated by adding 50 ul of purified human C2a at 50 ng/ml overnight at room 
temperature. The low concentration of C2a used for coating enabled the selection of 
high-affinity antibodies. After the coating solution was removed by flicking the plate, 
200 pi of BLOTTO (non-fat dry milk) in PBS was added to each well for one hour to 
block the non-specific sites. An hour later, the wells were then washed with a buffer 
PBST (PBS containing 0.05% Tween 20). Fifty microliters of culture supernatants 
from each fusion well were collected and mixed with 50 ul of BLOTTO and then 
added to the individual wells of the microtest plates. After one hour of incubation, 
the wells were washed with PBST. The bound murine antibodies were then 
detected by reaction with horseradish peroxidase (HRP)-conjugated goat anti- 
mouse IgG (Fc specific) (Jackson ImmunoResearch Laboratories, West Grove, PA) 
and diluted at 1 :2,000 in BLOTTO. Peroxidase substrate solution containing 0.1 % 
3,3,5.5 tetramethyl benzidine (Sigma) and 0.0003% hydrogen peroxide (Sigma) was 
added to the wells for color development for 30 minutes. The reaction was 
terminated by addition of 50 ul ^Dof 2M H 2 S0 4 per well. The OD at 450 nm of the 
reaction mixture was read with a BioTek ELISA Reader (BioTek Instruments, 
Winooski, VT). 
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The c*re supernal from - — - ^ ^ ** 

human o % , by - methoa a— — - - * «-* ~ 

EL ,SA mesa MAbs are aerated MAbs 17,50. 175-62, 17«M. 
W «. 17,207. 175-283, 17,3,0, 17,32, and 17,32, Asseenin Rgure, 
, ^ 175 ,2. MAb 17,101, U* 17,207, «» 17,-. ■» 

weakly to immobilized C2 in ELISA. 
Example 2: Inhlbi^o^^^ 

For the classical pathway, chicken RBCs (5 

, ,rw»l containing 0.5 mM MgCk and 0.15 mM CaCIa, were 
sa.,ne (GVB ) conta, "^ o ^ -8w)W(II «. 
sensit.ed^pudfiedrabbnan^icKenRBCmm « 

20 ce„ Technologies. Hopewe, N.) for 15 minutes at 4 C. The cel, 

wesheaw^OVB-Thewashedcellswe.re-suspenaedinthesamebu.eratl, 
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x 1(f cels/mi. .n each weil o« a round-hottom 96-weU microtes, P'-. » * - 

n0 rma, human serum (e%) - m*ed * SO „ - OVB» or serfaiiy dU* - 
MAb ,then30M l o fth ewas hed sens^o hl cKen R BCsuspens 1 on W e r eadaea.o 

miX ed * 80 „ - OVB" to 9 ive the serum * h^und. - « **" 
^sincu^a.srcforaO—.T.aplatewast.ens^nona^, 

pla ,e shaKer for 15 seconds, M » —ati on a, 300 * 9 for 3 rninu^ 

„„. nf od at 405 nm. The percent inhibition of 
microtest plates for measurement of OD at 4ua 

^withMAb-OOse^mcoiorhac^mOD^outMAh-ODserumco.r 
background."""^ 

Tn eda,a,nF ig ure2show«ha,^an^aMA b s175^, 1 7 5 -20,175-3 1 0, 

175 -322 and 175-326 strong* «** *— ' ^ ^ 
15 ^M^aisoinhihi.sthehen.i.is.^not.ean^rOMA.ia^,^ 

is spec ffl cforinh«onof.hea..ematr,ecomplemen,pa.h W ay. 

Th estoichiome, ri c rafc ofin h «on b e.een MAb 175, 2 andC2 i nhuma 

^m.v.heciassicaipa.wavhemo^oassa^asaisomeasuredasdescdhed 
abov e. D«feren, mo,ar ratios of M A„ 175-62 to C2 were tested in the assays hy 

20 ^^^^^^^^z 
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^^volu.eofGVB-T— we. incubated a, .on, .e^fo, 

incub ate d a t 37'Cfor30 m in U te,T h ep,a,ewasth e ns h aKenona m , ro -te St p,ate 
shak er for 15 seconds, .Cowed hy cannon a, 300 , 8 for 3 minute, 

protest plates for measurement of OD at 405 nm. 
10 Th edatainF ig ure3s h owt h at, h ec 1 assica,pat hW a yh emo,y«cao. 1 v rt yofC2 

(02 p M , in norma, human serum is completely inhib«ed when the serum was pre- 
trea ,edwM l 0,p M ofMA b1 75-6 2 .There,ore, M A b17 5.2inhi b ,,shumanC 2 a,a 

^r rat, of 1 , (MAM75-62 * <* ~ «"* "» ^ " 3 ^ 

e^antl^ar.hody.Eachoftt.e^an^enhindinasitesinamolecu.ofMAh 

1 5 1 75-62 can bind one molecule of C2. 

F0 r the a—e pathway, unsensitized rabbit RBCs we. washed three 
offered saiine^-EOTA, contain^ 2 mMMoC, 

and , , mM EOTA. EGTA at a concents of 10 m M was used to 
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the assay were similar to those of the classical pathway hemolysis as described 
above. The final concentration of human serum was 10%. 

The data in Figure 4 show that none of the anti-C2a MAbs inhibit the 
alternative pathway hemolysis, whereas anti-factor DMAbl 66-32 effe^ 
the hemolysis and anti-C5 MAb 137-76 moderately inhibits the hemolysis. Together 
with the results in Figures 2 and 3, the anti-C2a MAbs have been shown to be 
specific for the classical complement pathway. 
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WHAT IS CLAIMED IS: 

1 . AnNnhibitor molecule thatbLads to C2a or the C2a portion of C2; 

2. An inhibitor molecule that binds to C2a or the C2a portion of C2 and inhibits 
both the Classical and the lectin complement pathways. 

3. An inhibitor\olecule that binds to the same epitope as the monoclonal 
antibody 175-65 

4. The inhibitor molecule of any one-of^laims1^2, or 3, wherein said molecule 
is an antibody or a homologue, analogue or fragment thereof, a peptide, an 
oligonucleotide, a pep^domimetic or an organic compound. 
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5. The inhibitor molecule 
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i^claim 4, wherein the antibody fragments are Fab, 

F(ab')2, Fv or single chain 

6. The inhibitor molecuigk^ 5, wherein the antibody is monoclonal. 

7. The monoclonal antibody of dlaim 6, wherein the antibody is a chimeric, 
Delmmunized™, humanized or r^untan antibody. 

8. A monoclonal antibody 175-62. 

9. A cell line that produces the monoolonal antibody 1 75-62. 

1 0. A pharmaceutical composition composing the inhibitor molecule of^laim 1 
and a pharmacologically acceptable carter, excipient, stabilizer, or diluent. 

1 1 . A method of inhibition of complement activation comprising administering 
an inhibitor molecule that binds C2a or the C2a portion of C2. 
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12. AVnethod of inhibition of the classical and lectin complement pathways 
comprising administering an inhibitor molecule that binds C2a or the C2a 
portion of C2. 

1 3. The method of claim 1 1 , wherein the inhibition of complement activation is 
determined/n WfroT^^ 

1 4. The method af^lalmJil , wherein the molar ratio of inhibitor molecule to C2 
is less than or equal to 1 :2. 

1 5. A method of treating a disease or condition that is mediated by excessive or 
uncontrolled activation of the complement system comprising administering, 
in vivo or ex vivo, an \phibitor molecule according to any of-Glamris 1 to 3, 8 or 
10. 




herein the inhibitor molecule is administered by 
fenous bolus injection, intraperitoneal, intradermal, 
anebus, intranasal, intratracheal, intraspinal, 



16. The method of~claim 
intravenous infusion, int 
intramuscular, subcu 
intracranial, or orally. 

1 7. A diagnostic method comprising the detection of the amount of C2 or C2a 
present in a sample with the inhibitor moleculejofclaim 4. 

18. The diagnostic method of^claim \7, wherein the inhibitor molecule is the 
monoclonal antibody 175-62. 



0 



# 



24 



ASTRACT OF THE DISCLOSURE 

The invention relates to C2a inhibitors, which bind to C2a and block the 
functional activity of C2a in complement activation. The inhibitors include antibody 
molecules, as well as homologues, analogues and modified or derived forms 
5 thereof, including immunoglobulin fragments like Fab, F(ab')2 and Fv, small 
molecules, including peptides, oligonucleotides, peptidomimetics and organic 
compounds. A monoclonal antibody, which bound to C2a and blocked its ability to 
activate complement was generated and designated 175-62. The hybridoma 
producing this antibody was deposited at the American Type Culture Collection, 
10 10801 University Blvd., Manassas, VA 20110-2209, under Accession Number 
PTA-1553. 



